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ABSTRACT 


The study was designed tc investigate the reliability 
of the PWC "170 test. By accepting the modified Sjostrand 
Physical Work Capacity 170 test as the criterion measure of 
work Capacity, a further problem was to study the 
relationship of the PwC 170 test to the C.A.H.~P.E.R. Fitness 
Performance tests, to the 12 minute run test and to percent 
body fat. 

The sample totaled eighty-seven adolescent females who 
participated in physical education classes at Spruce Grove 
Composite High Schceol, Spruce Grove, Alberta. Participants 
performed two trials of the Sjostrand test, the C.A.H.P.E.R. 
Fitness Performance test and the twelve minute distance run. 
In addition, four skinfold sites were measured in order to 
estimate body fat. 

Results indicated significant correlations at the .05 
level of confidence between trial one and trial two of the 
criterion measure, between the twelve minute run test and 
the criterion test and between percent fat and the criterion 
test. Significant correlations were also found between five 
items of the C.A.H.P.E.R. performance test and the criterion 
measure. 
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reliable measurement on adolescent females. It was also 
concluded that the twelve minute distance Leste Nase ae good 


measure of physical work capacity in VOUNGeginis. 
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CHAPTER I 
INTRODUCTION 


"In recent years, Physical Educaticn programs have 
reflected a renewed interest in the development of physical 
fitnessts (25:86). ithegsinprovementelofautitness: statuschas 
become an accepted objective cf physical education programs 
(13). Most exercise physiologists agree that the measurement 
of maximum oxygen intake (uvC,) is the best single measure 
of physical fitness (12,24). However, it is also equally 
accepted that HVvO, tesStingeervssnotipractical angthe f2etd 
Situation or in large populaticns. As a result, numerous 
field tests have been develored to assess physical fitness 
(13). Given the assortment of tests, the physical educator 
must identify those measures that are best suited to his or 
her needs. The physical education teacher must be able to 
recognize the strengths and weaknesses of the measurement. 
Two important factors in test selection are reliability and 
validity. 

The measure of reliability is an index cf the likiihood 
that a test or measure, if administered once, would yield 
the same results if re-administered. According to Ferguson 
(20), the four methods to obtain the reliability coefficient 
include the test-retest method, parallel-form, split~half 
and the internal consistency method. The test-retest method 


is commonly used in exercise physiology and was the method 
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chosen for this study. In this case, the same measuring 
instrument or test is given to the same individual on two 
occasions. The duration of the interval separating the two 
trials is critical and should always be indicated. If for 
example, the interval is too short, the individual may not 
have fully recovered from an exercise bout. If, on the other 
hand, the interval is too long, a training effect bias could 
influence the retest score and thus alter the reliability 
correlation coefficient. 

The degree of validity of a test indicates whether the 
test measures what it was intended to measure (20). Somes 
tests will not measure what they should, while other tests 
will measure characteristics other than thcse intended. Of 
the four types of validity, namely, face, predictive, 
concurrent and “Constructye «COnCcirrentemyvag di tyseasemmost 
applicable to this study. In developing a new test, the 
investigator will compare it against an established measure 
to determine the concurrent validity. A high positive 
correlation between the scores will indicate that the two 
tests measure, to a large degree, the same thing. 

In the present study, three standard tests of physical 
fitness have been investigated. The Physical Work Capacity 
170 test (PWC 170) was selected as the criterion measure. 
The correlation of PWC 170 with NvO, tests has been shown to 
be substantial and is considered a good field measure of 
fitness (12). The other two tests examined were the Canadian 


Association for Health, Physical Education and Recreation 
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{C.A.H.P.E.R.) Fitness-Performance test and the Cooper 


twelve minute walk/run test. 
Problem 


It was the purpose cf this study to examine the 
reliability of one selected test of physical work capacity 
and the validity of two other tests of fitness in females 


aged 13 to 15 years inclusive. 
Subsidiary Problems 
In addition, the follcewing subsidary problems were 
investigated: 
Te eines vbhysicalPework¥'capactty Wang phystcale= fitness “or 


junior high school females. 


2. The relationship of percent body fat to physical work 


capacity in junior high school females. 
Hypotheses 


The following null hypotheses were tested tor 


significance at the .05 level cf confidence: 


1. There was no significant relationship between the first 


and second trial of the Physical Work Capacity 170 Test. 
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2. There was no significant relationship between each of 
the C.A.H.P.E.R. items, namely sit-ups, long jump, shuttle 
tun, flexed arm hang, 50 yard run and 300 yard run and 


Physical Work Capacity 170. 


3. There was no significant relationship between the 12 


minute run and Physical Work Capacity 170. 


4, There was no significant relationship between percent 


fac andgPhysicalgwork Capacity 6170 


Justification 


Physical educators are often concerned with the 
measurement of physical fitness in various populations. Much 
of the research examining the reliability and validity of 
fitness tests has been centered on adult and/or amaie 
populations. Significant correlations between the three 
selected tests would demonstrate the reliability and 


validity of these measures in adolescent females. 
Limitations 


1, Temperature and humidity could not be centrolled. 


2. Although an attempt was made to ensure that all subjects 


~—_— Sia 
a — rele 


daenten teewyed Yidanoifaies tnepisiceie on ee CTERE Qf 7 
O07 gtipbiel s3pe Liedeqed fae Gee 


— 


Ade BORG Regseones (ehI}0 FAT SauIsp he een P| 


dam .atotraloger aecitey bt taecs2> Jedsetag 30 7 peedeEeee | : 
10 YREBAey Lie {ptsadebin: o/s yasnivene dotneess ont 
fee wns diybe am) Berstoeo cast eee esen2 amemedR 2) 
baa 


. 

ahd Gay. deepaed Bifeteste> seevsiagte -cuocselogeg! J 

eORRGGNKLGE eat Sdaztetees> iiuew  Seaey heeoiie 
3 | game eL ABE 22 beniieas Mamie 2o fang 


were in a resting state prior to testing, this was not 


controlled for each subject. 


3. The C.A.H.P.EJR. test, excluding the 50 yard and 300 
yard runs, was administered by the physical educator at 


Spruce Grove three weeks prior to the other test items. 
Delimitations 


The study was delimited to include only females, aged 
13, 14 and 15 years, who were students at Spruce Grove 


Composite High School, Spruce Grove, Alberta, 
Definiticn of Terms 


1. Maximal oxygen consumption (4vO,) is the maximum amount 
of oxygen that an individual can utilize per minute. MvO, is 
considered by many physiologists to be the best single 
measure of physical fitness , NvO,, values may be expressed 
in two forms; first as litres cf oxygen consumed per minute 


(l/min) or second, and more commonly, as millilitres per 


kilogram of body weight per minute (ml/kg/min) (17). 


2. Physical Work Capacity 170 (PWC 170) is defined as the 
power output, in kilopond meters (kpm), that an individual 
can accomplish at a heart rate of 170 beats per minute. fhe 


PwC 170 test is based on the linear relationship between 


7 


buba-,cetemsd hac esting oy fotieito’ sey ybste sae 
be agaa Soumee 26 STARR TE F294 Ose sexzcoy Ft sae OF <hr 
vnamodte wre? voeaqe ,footee pes eT 


alen x austen 9 


enon Mestoen, wits ch 44h) acivzeranio cepyee Leeaaa ah 9 
24 pre <vbdde: 369 eshiuzs Seo Levbseviie! oa spay eapgee to 
@inbis..cbet sé7° se OF Bfnipeiciz{s> [vse ya beteaeeRD 97 
bewwesqas od. tae Bevday {OPO SRSRIS Seadersg So emeeeN 
a 
ervate Sg Begvanes cebexs a: West2i @5 vest? j2ec0t oveien Ss 


weg nesteshthtie se vitebao> S200 bes ,inonen 20 jute 


NE) ae NePVie) Sedalia seq Fiyiev yor to asageLeA 


heart rate and power output (12). Work capacity scores may 
be “expressed in two forms; first, as PWC 170 in total 
kilopond meters per minute (kpm/min) or second, as PWC 
170/kg, in kilopond meters per kilogram of body weight per 


minute (kpm/kg/min). 


3. Kilopond metre (kpm) is the force which acts on a one 
kilogram mass at the normal acceleration of gravity for one 


meter per second (2). 


CHAPTER II 


REVIEW OF RELATED LITERATURE 


"Maximal oxygen intake 2s considered by most 
physiologists to be the best single measure of an 
individual's capacity to perform prolonged physical work" 
(24313). Maximal testing, however, is often practical only 
in the laboratory setting. Tests of this nature are often 
complex, time consuming and impractical in the field 
Situaticn., Alternatively, a number of submaximal tests have 
been developed which are kncecwn to correlate significantly 
With maximal oxygen intake (25). The criterion, submaximal 
test selected for this study was the Physical Work Capacity 
Test at a heart rate of 170 keats per minute. 

The PWC 170 test has undergone numerous revisions 
throughout the years. In 1947, Sjostrand (34) first reported 
its use on twenty ore smelting workers. At this time, three 
to four workloads of ten minutes each were employed and 
subjects pedalied until a heart rate of 175 beats was 
obtained. One year later, Wahlund (35) decreased the time of 
the work periods to six and one-half minutes each and set 
the maximum heart rate to 170 beats per minute. In 1949, 
Kjellberg (26) and workers further modified the PWC 170 


bicycle test to include three six minute workloads. From 
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this time on the test became ccmmonly known as the modified 
Sjostrand PWC 170 test. 

The next major revision cccurred in 1966. Howell and 
Macnab (24), as principal investigators for the Canadian 
Association for Health, Physical Education and Recreation , 
studied the physical working capacity of Canadian school 
Children. In the pilot study, the modified Sjostrand test 
was used. Following the initial experimentation, the 
investigators shortened the test to twelve minutes by using 
three four-minute work periods. A total of 2107 children 
between the ages of 7 and 17 years were assessed. The data 
was entered onto data cards and later transfered to IBM 
computer cards. Calculation cf the regressicn line was done 
by the "least square" method and the equation was then 
solved for a heart rate of 170. From these results normative 
tables in the form of percentiles were established according 
to sex by body weight, bedy type or build was not acccunted 
for within age groups. The average scores for females, aged 


13 to 15 years inclusive, were reported as fcliows: 


Age Number PWC 17C PRC 170/Kg 
(kpm) (Kpm) 
13 89 450.5+144.6 97 47it2a7.> 
14 81 436.84127.0 aye reek 65) 
15 91 443,8+135.3 Gs2iter37 (24) 


When investigating normal California school children, 
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Adams et al (1), also used a modified Sjostrand test. Two 
hundred and forty-three children, ages 6 to 14 years served 
as subjects. The mean working capacity for 13 year old 
females (n=20) was 564 kpmymin and for 14 year old girls 
(n=21) the value was 542 kpm/min. Adams calculated the pwc 
170 scores on graph paper and did not correct for pedal 
revolutions. 

In 1963, Cumming and Cumming (9) examined the physical 
working capacity of two hundred Winnipeg school children 
agedeoetoes 169) yscars.eySubjects® pedalled?@tor/Patetotalweot 
eighteen minutes at three different resistance loads. The 
investigators did net correct for pedal revolutions. The PWC 
170 score was determined by plotting workload versus pulse 
rate on graph paper. The mean PWC 170 for 13 year old 
females (n=5) was 336 kpmymin; for 14 year olds (n=5) it was 
497 kpm/min and for the 15 year old girls (n=5) the mean 
score was 489 kpm/min. 

Reliability and Validity Studies of PHC 170 

In 1962, Borg and Dahlstrom (4) conducted a study to 
examinewethe Sreliabiavaitye and@svalidicyieoteeths modified 
Sjostrand bicycle test. Reliability was determined by two 
methods, the intra-test consistency method and the test- 
retest method. Intra-test reliability consisted of 
correlating the pulse rates with each other after 2, 4 and 6 


minute periods of work. The highest correlations between 
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pulse rates were found from 4 to 6 minutes (c=0.97 and 
r=0.98, respectively). The retest correlation for the PWC 
170 was r=0.76. The authors indicated that this was lower 
than other studies had reperted and attributed it to the 
year long interval separating trial one and trial two. Borg 
and Dahistrom also investigated the validity of the modified 
Sjostrand test by comparing PWC 170 scores to resuits in a 
20@ mite, skiingsgracesedthes highestisvalidity correlation 
coefficient obtained was r=0.54. It should be noted that the 
authors did not specify which of the two PWC 170 tests were 
usedgetorigthe validatironvelnvadditionyethe iskiingerace took 
place seven months after the first bicycle test and one 
month prior to the second test. 

Ings1965,e ¥Zahar 0(37) } ?eingahisweunpubiashed® Mastents 
eae investigated the reliability of the modified 
Sjostrand work test. The sample consisted of thirty-eight 
high school males enrolled in physical education classes. A 
PWC 170 test was administered to each Sutcers once a week 
for six weeks. Follcwing this, the test-retest reliability 
coefficients were determined. Coefficients ranged from 0.89 
for the first and second tests to 0.95 between the fifth and 
Sixth tests. Zahar reported that the difference between the 
first and second trial were not statistically Significant at 
the .05 level. The author also indicated that although 
improvement dces occur from the first to the sixth trial, he 
could not be certain of the cause. His conclusion was that 


the Sjostrand test was a highly reliable measure of physical 


6 as sais ‘ot cdival) SY}. Set usaries eke aT 
agiteiss ie yerhitev © teedged) edt subst pedese etfs: a 
ead feds Sexe0 od binods.21 8S.G0r 28H ee re 
eres, peed 0TF 505 ov2 ede 20 dotew yis5eqs joa Geb 
dood ween packed one janis pite pt .rossetlisw ene 308 pray ar 
oto, bad reer Biased ‘atf7, oir hs? Eds 308 sever anda 
Tes? baonwe sds pigeon : 
gitetead.. SadeiiGvgey, ald st GITe) aseht eae qh oe 
essibon” ot? 30" pistessfise: wis Setericeeens yon _ 
Sdpieweszdde to B6eahec-> 4igesq eit “peer Gey seenseage” , 
\ waebalts Kodseciie’ Leotaydy ol bol lott eedam Logsoe ARBRE 1a 
jie = dnde dontiles debs 42 bexsrezere00 wey Foep ORE Be 
YeSLidelfon seazea-3h62) sat 4eld> yriws lier tse cee RY 
@2.0. mez’ bays. BSieLarsteon. -bentesared eteyv 2saetoL ahead 
Spe Ages ats Rev sed “C2 .O or a72aT bucnse fas 2729 o6t 302 
vat. eietioagpcngh Sie dust tooo yer aaa ee 
t@ | e-9o> etek keine taepes seam 
aly ‘Soiegre 8A? fermi €04 ‘ous 
ie ih qtev 490) onarerengel “nN 
Dees to giegies ot rom Sinem © 7 
oli © cow ses7 Gapzteoge ome 
a 


nena 
| ie os: wey 
Canes) Ree 


U 


_ 


" 


Lae. . 
-_ _ a @ 7 7 


11 


work capacity . 

Burke (5) conducted a project to assess the validity of 
selected labotratory and field measures of physical working 
capacity. Forty-four male students aged 17 to 30 years 
served as subjects. Included in the test battery was a 
Maximal oxygen uptake treadmill test and the PWC 170 test. 
The correlation coefficient obtained between the two tests 
was 0.58. Burke suggested twce possibilities for the rather 
low correlation. One possibility was that Americans were not 
yet accustomed to bicycling and the second was the existence 
of individual differences which adversely effected the 
linear relationship between MvO, and heart rate. 

In 1969, Fedoruk (19) conducted a study which examined 
the reliability of PWC 170 on twenty-four 18 year old 
females. Among the test battery, the modified Sjostrand test 
was administered on two occasicns, on the same day. fhe 
correlation coefficient was found to be r=0.75 when work 
capacity was expressed in kpm/min. With body weight factored 
out (Kpm/kg/min), the reliability coefficient decreased to 
r=0.70. Fedoruk indicated that the lcwering of the 
coefficient was evidence of the influence of body weight on 


work capacity values. 
Studies Relating 


One of the few pieces cf research relating PWC 170 and 


the C.A.H.P.E.R. Fitness Performance test was conducted mi ae 
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1967 by Cumming and Keynes (11). The investigators studied 
the relationship of the C.A.H.P.E.R.» performance scores to 
PR Cee17 0788 NvO and anthropometric measures (height, weight 
and surface area). The sample involved four hundred and 
ninety seven normal Winnifeg school children aged 6 to 18 
years. Of this number, two hundred and fecrty-seven were 
females, fifty of whom were 13 tc 15 years of age. Of all 
the data collected on the female group, log surface area 
Showed the highest correlation with PWC 170 (r=0.63). The 
correlation coefficients between PWC 170 and the 
C.A.H.P.E.R. items were as follows: sit-ups r=0.27, broad 
jump r=0.39, shuttle run r=0.30, arm hang r=0.10, 50 yard 
Cun r=0.30 and the 300 yard run r=0.32. From these results, 
it appeared that the C.A.H.P.E.R. items accounted for only 
10pmtOn 20%, OF Pthe variability of the working capaciatyrorL 
young females. Cumming concluded that success in the 
C.A.H.P.E.~R. testS was size dependent and that these tests 


were of little use in predicting work capacity. 


Studies Relating PWC 
Although there are numerous studies relating the 12 
minute walk/run test to NvO, (7,14,28) little research has 
been conducted showing the relationship of the distance trun 
test to PWC 170. 
In the previously mentioned study of Burke (5), nale 


college students were also tested on the PWC 170 and the 12 
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minute run. These were only two of the fifteen laboratory 
and field measures that were studied. The correlation 
coefficient calculated for these two items was r=0.60. 
Cumming (33) indicated that he had found significant 
correlaticns between the PWC 170 and the 12 minute distance 
in junior and senior high schocl youths. For females, aged 
13 to 17 years, enrolled in a track and field camp (n=61), 
the correlation was 0.45. Fer junior and senior high school 
girls of the same age (n=28) r=0.57. Both values were 
significant at the .01 level of confidence, indicating a 
substantial positive relationship between the PWC 7170 and 


the twelve minute distance run. 
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and Recreation Fitness Performance Test 

In 1964, the Canadian Association of Health, Physical 
Education and Recreation (C.A.H.P.E.R.) organized a standard 
fitness performance test for Canadian youth ages 7 to 17 
years (23). A representative sample of 500 girls and 500 
boys in each age group was selected from across the country. 
Each child was assessed on six items, namely, shuttle trun, 
speed sit-ups, standing long jump, flexed arm hang, 50 yard 
dashiand *sthe.s300 "yard “tun: A ‘descripticn fof the six 
performance items is found in Appendix C. Upcen completion of 
this study, normative tables, in the form of percentiles, 
were established to provide "bcys and girls with an exact, 
objective measure of fitness..." (23:20). 

In 1961, Gross and Casciani (21) studied the value of 
age, height and weight as classification indices in the 
performance of the American Association of Health, Physical 
Education and Recreation (A.A.H.P.E.R.). Data- was obtained 
on 13,000 students, 2,695 of whom were junior high school 
Girissaged 11 to 15 1/2 yearss Multiple correlations between 
the combination of factors of age, height and weight and the 
seven fitness tests ranged from 0.14 to 0.24. The 
investigators concluded that these three factors were of 


little value LOT classification purposes. Their 
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recommendation was that "the senior high school girls, the 
junior high school girls, the senior high school boys and 
the junior high school boys, respectively, may be considered 
aS a homogenous group with respect to the effect of age, 
height and weight on certain fitness measures..." (21:57). 
In 1962, Espenschade (18) re-evaluated the 
relationships between physical performances of school 
children and age, height and weight. Of a total of 7600 
children tested (10 to 18 years old), one-half were female. 
Simple and multiple correlaticns were computed and the 
results indicated that althcugh height and weight varied 
markedly from certain types of performances to others, 
Significant increases occurred in many events by age. 
Espenschade suggested that beys and younger girls should be 
classified according to age, vat) least, twforsefitness 


performance type tests. 
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According tc Ccoper (7), "the more commonly accepted 
definition (of physical fitness) implies the existence of 
adequate pulmonary reserves" (7:636). In 1968, Cooper (7) 
developed the 12 minute walkyrun field test to assess this 
aspect of physical fitness. 

In a preliminary communication, Cooper presented data 
on 115 U.S. Air Force males. Each subject had been tested on 
the treadmill oxygen comsumption test and then on the 12 
minute field performance test. The correlation coefficient 
Ofe the ficids toasiaboratery atest lwase0.907 -andacatingsa 
Significantly high relaticnship between the two measures, 
From these results, it appeared that the 12 minute test was 
a valid measure of NVO,. Cooper also repeated the distance 
run test on all subjects but did not report the reliability 
coefficient. He simply stated that after Ja sfour-dayvinterval 
the results were comparable. 

Following the work done ty Cooper, there have heen 
numerous studies reporting the use of the 12 minute run 
(13,14, 25). However, few of these deal with young females. 
Doolittle and Bigbee (14) investigated the reliability and 
validity of Cooper's run on 153 grade hine males. The test- 
retest correlation was reported as 0,94, following a four 


day interval. The relationship between MvO,, (on 92 of@atis 
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males) and the run was r=0.62, Doolittle and Bigbee stated 
that for young males, the 12 minute run was a highly 
reliable and valid test of cardiorespiratory fitness. 

In 1971, Maksud and Coutts (28) reported similar 
findings on 11 to 14 year old boys. The test-retest 
reliability coefficient was 0,92 and the correlation between 
MVC, and the run was 0.65. 

In contrast to these two studies, Wanamaker (36), in 
1970 reported validity coefficients of 0.22 to 0.53 between 
MvO and the 12 minute run in ninety-six males, 18 to 23 


Z 


years of age. In this study, Mvo, was determined by a 
discontinuous treadmill test. The reliability correlation 
ranged from 0.82 to 0.95. Wanamaker suggested that although 
the %2 minute test was reliable, it was not an effective 
predictor of MVO, 

Cumming (3) reported the validity of the distance run 
in young females. In twenty~seven school girls 8 to 16 years 
of age, the correlation of the 12 minute run to MvO, was 
GmiiwetThis “coefficient increased "to" 058/ "for yten ss qirl 
athletes aged 12 to 17 years. From these results, Cumming 
stated that the 12 minute run test was just as good, if not 
better, than the bicycle ergometer test in predicting HvO.. 

In 1972, Jackson and Coleman (25) investigated the 
Validity of distance rin ‘tests in elementary school 
children. Construct validation was measured in five runs-the 


50 yard dash and the 3, 6, 9 and 12 minute runs. The 


subjects were 866 boys and 803 girls, aged 10 to 12 years. 
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Factor analysis indicated that the 9 minute and the 12 
minute runs were the most suitable to measure distance 
running ability. Next, concurrent validation was measured on 
the 9 minute and 12 minute runs. Maximal oxygen intake was 
measured on twenty-two boys and twenty-five girls. Pearson- 
product moment correlations were calculated to estimate the 
relationship between the runs and MVO,. zero-order 
correlations for the girls were 0.71 for MvO, and the 9 
Minute run; 0.71 for MvO,, and the 12 minute run and 0.86 for 
the 9 minute and 12 minute runs. All correlations were 
Significantly different frem zero. The investigators also 
showed that with the 9 minute run held constant, the 
correlation between “vO, and the 12 minute run was not 
Significant. Therfore, the authors recommended that because 
running the additional three minutes did not add to the 


concurrent validty, perhaps the 9 minute run should replace 


the 12 minute test. 
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There have been several investigations concerned with 
the body compositicn of adolescent females. In 1966, Hampton 
and co-workers (22) reported a longitudinal evalution of 
gross body composition and body conformation in a teenage 
population. Included in the study were 519 females whose 
average age was 14.5 years and 452 females whose mean age 
was” 15.2 years. Lean body weight was determined 
anthropometrically on all subjects. On a smaller, sub- 
Sample, lean body weight was also calculated by two other 
methods, by specific gravity and radioactive potassiun. 
Anthropcmetric results showed Hat the average body fat of 
the 14.5 year old group was 16.4% while mean body fat for 
the older group was 16.8%. The investigators indicated, 
however, that the mean lean body weight determined by 
anthropometric measures (47.9 kg) was substantially higher, 
approximately 6.0 kg, than the values obtained by the other 
two methods. 

In the study of Durnin and Rahaman (16), the body 
composition of eighty-six adolescents was assessed by two 
methods. Skinfold thickness was measured at four sites, the 
mid-biceps, mid-triceps, sub-scapular and suprailiac. Body 
density was determined by hydrostatic weighing. The 


correlation between the two methods, in adolescent girls, 
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was r=-0.78. This was significant at the 0.001 level. The 
mean fat percentage, derived from measurements of body 
density was 24.044.9%, For practical use, Durnin computed 
the regression equation for the prediction cf body density 
£rOmether log sum CEESkinftolid thickness from all four Wsitese 
For adolescent females the equation is: 

Y=1.1369-0.0598Xx S.E.£0.0081. 
InSsertings +this™ figure “ef Shodys*density,*® into este -*sici 
equation (16) per cent fat may be calculated as follows: 

Fat (4%) ={ (4.95/density) - 4.5] x 100. 

In 1975, Drinkwater et al (15) reported on the aerobic 
power of 123 females, ages 10 to 68. Body fat was estimated 
by hydrostatic weighing or from skinfold measurements. The 
predicted fat for the 13 year old girls (n=11) was 16.141.5 
% and for the 14 year olds (n=10), the estimated fat was 


21.343.9 % of body weight. 


Studies Relating Body Composition and Work Capacity 

In 1955, Miller and Blyth (29) investigated the effects 
of body composition on work capacity. Thirty males, aged 19 
to 28 years performed submaximal exercise on the treadmill. 
Percent fat was estimated frem densiometrically determined 
specific gravity. The correlation between oxygen uptake 
(m1l/kg/min) and percent fat was r=-0.23, which was not 
significant at the .01 level of confidence. The author 


increases, the exercise oxygen requirement fer unit of lean 
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body mass also increases, 


Buskirk and Taylor (6), in 1957, found a correlation of 
~63 between body weight and MVC, andiaeacocrrelatzonssOt ue. co} 


between fat-free weight and MvO, in male subjects, aged 18 


2 


to 29 years. The correlation of percent fat and MVO, was not 


2 
calculated. From the results, the investigators concluded 
that although the presence of excess fat does not 
Significantly influence the capacity of the cardiovascular 
System in exhausting werk, excess fat will increase the 
oxygen cost and therefore increases the cardiovascular load 
during submaximal work. 

In 1968, Neili (30) investigated the relationship of 
estimates of body compositicn and measures cf maximal and 
submaximal work capacity. Included in the study were twenty- 
four females, the average age being 18.7 years. The 
Sjostrand PWC 170 test was selected as one cf the measures 
of TEC work capacity. Bcdy composition was estimated 
by hydrostatic weighing. The mean body fat for the females 
was 23.4+4.5 %. The correlation of PWC 170 and percent fat 
was r=-0.41. This was significant at the .05 level. There 
was, however, no significant difference in the correlations 
of PWC 170 with total body weight (r=0.44) and PWC 170 with 
fat-free body weight (r=0.60). The author concluded, 
therefore, that in this study the amount of fat obWck asfehe 


significantly influence the ability te perform submaximal 


work, 


aekosathesboes “one easement tamer | 
ast spipkiyis tthe 323) easens Joy pogoenedte ~ 7 


peot wahutweveLbzbo sd) Andes oct «se TSzedd Pek teeo meer 
Jie lecizen de galaes 
Se qidnapinsias 669 pee iisevea? (it), Chee. .668?, eae Ae 
Sas ipeteee, G2 ewig sedi Sas 22d rasguen Yhow te THURBER AD _ 
-ydaav7 wtew Yost 622 ce Sade toet tezabes #2ae ieee 2 SS 
ght wane TA <eopee eh PESOS et?) {Ree . 360% 7 
Sgsvavee. per %r, sno ee adic ran aax feos OT IS OreeeEees . : 
Sertehiee tee pokeleotens téo2 «\ticaqns Ascw Lascepetee Be Py 
ey? ad9 aed ied oes eit setiasl pe sit sreaahgd pe > a 
ree tiapaeey bap Off TWA te. eGieeiesces aff .X 2.627081 
aseg? siutel 26.) aut Sa. seractiagte ach aint. .0res- eee - 
spvsphheadgd wie ap eanbas¥hat vaagsiiense oo yswyaMod <> game U7 
pr anise eee tere? dskv Str 288 88 1 


2 


CHAPTER III 


METHODS AND PROCEDURES 


Subjects 

A total of eighty-seven healthy females aged 13 to 15 
years of age, inclusive, participated in this investigation. 
This number represented the total number of junior high 
school girls who were actively involved in the physical 
education classes at Spruce Grove Ccmposite High School, 
Spruce Grove, Alberta. However, due to absenteeism, all 
subjects did- not complete every item of the test battery. 
Testing, with the exception of the shuttle run, sit-ups, 
flexed arm hang and standing long jump, was conducted from 
9:00 a.m. to 12 noon, Monday through Friday for a three week 
period, in March 1977. As the testing was considered part of 
the physical education curriculum, all healthy students were 
required to take the tests. Parental consent forms. were 
therefore deemed unnecessary. All students were the required 


attire of shorts, T-shirts and running shoes. 
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Anthropemetric Measures 


Height and weight were measured using a Decto~-Medico 
scale. Subjects were measured in their gym acdiothingseninus 


shoes. Skinfold measurements were taken at four sites: the 
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biceps, triceps, sub-scapular and Supraiivac s@elhis Avaseein 
accordance with the method of Durnin and Rahman (16) 8 
detailed description cf the anatomical location of each 
skinfold site is presented in Appendix B. Skinfolds were 
taken using Harpenden calipers and all measurements were 
taken on the right side of the body. The averages of three 
trials were recorded to the nearest one-tenth of a 


millimeter, 


Physical Work Capacity Test 

Physical Work Capacity at a heart rate of 170 beats per 
Minute was determined by the method of Hcwell and MacNab 
(24). The Von Dobeln type of ergometer, manufactured by the 
Monark Company was utilized. Heart rate was measured by 
ascultation at the cardiac apex. A pedalling cadence of 60 
complete revoluticns per minute was required. The rhythm was 
assisted with a standard laboratory meéetranome. Pedal 
revolutions were counted by an electric counter attached to 
the ergometer and were recorded at four minute intervals. 

Each subject was tested twice on the PWC 170 with a two 
to three day interval between trials. Prior to the test, the 
subject was seated cn the ergometer and the seat height was 
adjusted so that the leg was slightly flexed at the lowest 
point of the pedal travel. Three workloads of four minutes 
each were administered. For most of the subjects, the 
workloads used were 300 kpm, 450 kpm and 600 kpm. The 


workloads, for each subject, remained the same for both 
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trials. Details of the workloads are presented in Appendix 


The Cooper 12 minute run was conducted indoors. One lap 
of the gymnasium measured 260 feet. Pylons were placed on 
the corners of the running track to ensure that the full 
distance was covered. Six to eight subjects were tested at 
one time. On the final lap, the distance from the Starting 
line to where each subject finished was measured and 


recorded. 


C,R.H.P.E.R. Performance Test 

The C.A.H.P.E.R, performance test was conducted 
according to the format described in the C.A.H.P.E.R. Test 
Manual (23). The test consisted of 6 items, speed sit-ups, 
standing long jump, shuttle run, flexed arm hang, 50 yard 
run and 300 yard run. The shuttle run, sit-ups, flexed arm 
hang and standing leng jump were administered by the 
Physical Education teacher three weeks earlier. The 50 yard 
and 300 yard runs were administered during the three week 
period in March, 1977. All test items were administered 
according to the procedures cutlined in Appendix C. Details 


of the test items are presented in Appendix C. 
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The range, means and standard deviations were computed 
for all parameters, 

Accepting the first trial of the PWC 170 test as the 
critericn or dependent variable,estimates of validity of the 
independent variables; sndmely® the stC. AvHsPskoRt ePitness 
Performance Test and the 12 minute run were investigated. 
Data obtained on 73 subjects was used in this segment of the 
Study. Validity measures were determined using a stepwise 
linear regression as outlined in the Statistical Package for 
the Social Sciences Manual (31). 

Reliability measures were determined between the two 
trials of the PWC 170 test using Pearson product moment 
correlations as outlined in Ferguson (20). A one-way 
analysis of variance was used to test for differences 
between age groups. A total of 79 subjects participated in 


the reliability pcrtion of the present investigation. 
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CHAPTER IV 


RESULTS AND DISCUSSION 


Characteristics of Subjects 

Grade 8 and $3 females, who were participants in the 
physical education classes at Spruce Grove Composite High 
School, Spruce Grove, Alkerta, comprised the sample of 
subjects used in this study. Some of the physical 


characteristics of the subjects are presented in Table 4,1. 


Table 4.1 


Characteristics of Subjects 


Mean Standard 
Deviation 
Age (years) 13.7 tend 
Weight (kg) Syaiy ) +9 .0 
Height (cm) 16065 +739 
% Body Fat Zoos! +5.4 


Physical Work Capacity 


The mean values of PWC 170 and PWC 170/kg obtained in 
the present investigation and in other studies are presented 
ineTablewde?,UeTnetall’scases;tethe Spruce Grove subjects 
attained the highest work capacity scores. The substantial 


differences between the C.A.H.~P.E.R. (24) results and the 
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Table 4.2 


Physical Work Capacity Values in 
This and Other Studies 


Study Sex Age(yrs) PWC 170 PWC 170/kg 
Adams (1961) F 13 564.0 
14 542.0 
Cumming (1963) F 13 336.0 
14 497.0 
15 489.0 

C.A.H.P.E.R. q 13 450.5+144.6 94142. 25 

(1966) 14 436.98+127.0 8.5142. 88 

its) 443.84+135.3 SI Ad fem eT 


Spruce Grove F 13 (n=35) 52s et 135 ak Wty 29t25 42 
(1977) 14 (n=37) 588.2+146. 1 11. 1642, 88 
15 (n= 7) 642.,2+ 82.4 11.48+1.90 


results from the present study may be explained in several 


ways: 


1, The C.A.H.P.E.R. Sample was three times the size of the 
Spruce Grove sample. Therefore, the C.A.H.~P.E.R. results may 
be considered to be more representative of the physical work 


capacity of adolescent females. 


2s the C.A.H-PsE.Rks Study waS conducted eleven years ago; 
From that time to the present, there has been a widespread 
Campaign to fromote health and physical fitness, It is 
possible that the superior Spruce Grove results reflect a 


trend toward better fitness levels. 


3. The higher work capacity scores of the Spruce Grove 
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girls may be a consequence of the substantial emphasis 


placed on physical fitness in the physical education 


curriculum at the school. 


The results of Adams (1) compare more favourably to the 
Spruce Grove scores, while Cumming (9) reports work capacity 
values that were substantially lower. In both studies, the 
number of subjects was less than the C.A.H.P.E.R. and Spruce 


Grove samples. 


The means and standard deviations of the C.A.H.P.E.R. 
tests in the Spruce Grove sample are presented in Table 4.3. 
The comparison of these results to the naticnal norms are 
presented graphically in Figures 1 through 6. The results 


indicate that the flexed arm hang (Fig.4) was the only iten 


Table 4.3 


Results of the C.A.H»P.E.R. Fitness Performance 
Test for the Spruce Grove Sample 


Item 13 years 14 years 15 years 
Sit-ups oO te? G4 + 9 Sie eh) 
Long Jump (ins) 66 + 8 oh as oe) 64 +11 
Shuttle Run(sec) hal eadck O'aue W1374029 12.0+1.4 
Flexed Arm Hang (séc) PAT Rs oi ZOmt le 13 +12 
50 yard (sec) 8,040.7 oh ett) 7 8,441.2 


300 yard (sec) 69 + 5 68 + 5 68 + 2 
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46.04 
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Distance 
(inches) 


68.0 


55.0 


64.0 


6220 


60.0 


598.0 


56.0 


ia Spruce Grove 


C.A.H.P.E.R. 


Figure 2 


Mean Scores of Standing Long Jump 
Spruce Grove vs C.A.H.P.E.R. 
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Figure 3 


Mean Scores of Shuttle Run 
Spruce Grove vs C,A.Fi.PLbR. 
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Mean Scores of Flexed Arm Hang 
Spruce Grove vs C.A.H.P.E.R. 
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Figure 5 


Mean Scores of 50 Yard Run 
Spruce Grove wer GC. Awa saree 
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Figure 6 


Mean Scores of 300 Yard Run 
Spruce Grove vs C.A.H.P.E.R. 
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in which the Spruce Grove sample did not consistently 
outperform the C.A.H.P.E.R. Sample. In the flexed arm hang 
the C.A.HP.E.R. 15: year olds attained a mean value of 
16.5413.7 secs, while the mean duration for the Spruce Grove 
iSaeycar#toldssiwas )0t3.3£11i.7e%secsii Once again, the 
C.AsH.P.E.R» Sample was considerably larger (approximately 
1057) than the Spruce Grove sample (73). This factor may 
account for the discrepancy in the results. However, it is 
also possible that because of repeated testings throughout 
the years, the Spruce Grove girls were more familar with the 
performance items and conseguently cbtained the superior 
scores. 

The means and standard deviations of the C.A.H.P.E.R. 
tests obtained by Cumming (11) are presented in Table 4.4, 


When Cumming's results are ccmpared to these of the present 


Table 4.4 


Results of the C.A.H.P.E.R. Fitness Performance 
Test Obtained by Cumming & Keynes (1967) 


Iten 13 years 14 years 15 years 
Sit -—ups 30,253 34 + 6 Sie es 
Long Jump (ins) 505410 652235 68 + 8 
Shuttle Run (sec) jie tet 123i 12 ete 
Flexed Arm Hang(sec) 21+ 20 18 +14 24 +18 
50 Yard (sec) 8.340.9 8.140.4% 8.240.7 
300 Yard (sec) TAS ese) epeh wa. Ae pel S28 


study, it can be seen that the 13 and 14 year olds from 


Spruce Grove attained slightly higher scores in the majority 
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of items. The 15 year olds in the Cumming study were 
superior to their Spruce Grove couterparts in the long jump 
(68+8 in), flexed arm hang (24418 sec) and in the 50 yard 
dash (8.2+0.7 sec). However, overall, the results of the 
Cumming study and those obtained in the present study are in 
closer agreement than the results from C.A.H.P.E.R.. The 
similarity in sccres may be due to the sample sizes. As 
previously mentioned, the C.A.H.P.E.R. survey involved over 
1,000 subjects while Cumming & Keynes studied 50 females as 


compared to the 73 subjects used in the rfresent study. 


Twelve Minute Walk/Run 
The mean results of the 12 minute walkyrun obtained in 


the present study are presented in Table 4,5. It would 


Table 4.5 


Results of the Twelve Minute WalkyRun 
for the Spruce Grove Samfle 


Age (years) Distance (miles) 
13. n=30 teivtets 
14 n=36 ipectay 
15 n=7 Aieie altace 


appear, in this sample, that the age factor ndtweett eeu 
effect on running distance. Jackson & Coleman (25) reported 
a mean distance of 1.28+.16 miles in 25 eleven year old 


Suu sweethis, 1s) Slightly, higher than the results of the 
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present investigation and may be due to the younger sample 


used by Jackson. 


The Physical Work Capacity 170 Test was repeated on two 
separate occasions on 79 females. The average test-retest 
interval was three days, the range was two to six days. The 
mean scores, obtained in the present investigation are 
presented in Table 4.6. The correlation coefficent for work 


capacity expressed in kpm/min was r=0.74, which was a 


Table 4.6 


Test-Retest Scores of Physical 
Work Capacity 170 Tests 


fetid PwC 170 PWC 170/kg 
(kpm/min) (kpm/kg/nin) 

1 590.541734.4 iite2se 2G 

ie S93 et lad ee 11.2442.32 


Significant correlation (ps0.001). When the mean work 
capacity score is expressed as kpm/kg/min the reliability 
coefficient was r=0.74, which was also significant 
(ps0.001). A one-way analysis of variance indicated that 
there were no significant differences between the subject 
factors (age) or within the subject factorse(triai) 1jang 
trial 2). The analysis of variance table is presented in 


Appendix G. The results obtained in the Spruce Grove sample 
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are Similar to the results cf Fedoruk (19) @eand@ Borg and 
Dahlstrom (4). In the present study, there was a slight 
decrease in the reliability coefficient when the work 
capacity scores were expressed as kpm/kg/min. This is 
consistent with these reported by Fedoruk. Zahar (37) found 
reliability coefficients ketween 0.89 and 0.95 on a male 
populaticn. The test-retest interval was one week. The 
higher coefficients may reflect a more highly controlled 
testing situation. In the present investigation, neither the 
time of the day that the test was re-administered nor the 
subjects" pre-test activity could be controlled. This may 
account for the discrepancy in the coefficients reported by 


Zahar (37). 


The correlation coefficients of physical work capacity 
(kpm/min. and kpm/kg/min.) with the anthropcmetric measures 
and the C.A.H»P.E»R» items are presented in Tables 4.7 and 
4.8. Expressed in kpm/min., height and weight showed the 
highest correlation with physical work capacity. Both 
correlations were significant (p<0.01). In Table 4.8, with 
body weight factcred out, the 300 and 50 yard run showed the 
highest positive relationshir with PWC 170/kg. The 
correlations were both r=0.42. This was followed by the 


flexed arm hang (r=0.40), sit-ups(r=0.35) and long jump 
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Table 4,7 


Correlaticn Coefficients of C.A.H.P.E.R. Tests 
to the Physical Work Capacity (Kpm/min) 


Variable Coefficient 
Height URS SPO 
Weight 0.36 * 
Sit-ups 0.21 
Long Jump 0.22 
Shuttle Run -0.18 
Flexed Arm Hang 0.12 

50 yard = oe 
300 yard = OS seer 


east gui ficant 9 (p<0 501) 


Table 4.8 


Correlati.cn iCoecEficrents of tC. AAHSESESRSOTests 
to Physical Work Capacity (Kpm/kg/min.) 


Variable Coefficient 
Height 0.08 

Weight -0.30 * 
% Fat “0,44 * 
Sat lps 0.35 7% 
Long Jump =—0ts39 % 
Shuttle Run =). 17 

Flexed Arm Hang 0. 4086 
50 yard =a 2 see 
300 yard =O0825 5* 


* significant (ps0.01) 


(0.33). All correlations were significant (ps0.01). 


The correlation coefficients of PWC 170/kg versus 
C.A.H.P.E.R., Obtained by Cumming and Keynes (11), are 
presented in Table 4.9. The correlations of PWC 170/kg with 


height (.57) and weight (.61) were considerably larger than 
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Table 4,9 
Correlaticn Coefficients cf CeADH.Pe bans tests 


to Physical Work Capacity (kpm/kg/min) 
Cumming and Keynes 


Variable Coefficient 
Height aoe, 
Weight 61 
Sit-ups 27 
Long Jump 739 
Shuttle Run 2 30 
Flexed Arm Hang » 10 
50 yard . 30 
300 yard s32 


the values obtained in the present study. Cumming also 
reported higher correlations for the long jump (.39) and the 
Shuttle run (.30). In the Spruce Grove sample, the long jump 
showed a correlation of r=0.22 with physical work capacity, 
while the correlaticn coefficient obtained for the shuttle 
run was r=0.18. The variation in correlations obtained by 
Cumming and those fcund in the Spruce Greve study may be 
reflective of the more horogencus sample used in the present 
investigation. Whereas the age range was only three years in 
the Spruce Grove group, Cumming's sample included females 
whose ages were 6 tc 18 years. This factor, combined with 
the larger sample used by Cumming and Keynes could account 
for the variations in the correlation coefficients. Cumming 
stated that the C.A.H.»P.E»R. performance tests explained 
only 10 to 20 % of the commonality of the working capacity 
of girls (11). The results from the present investigation 
indicated that the C.A.H.P.E.R. tests explained 3 to 17 % of 


the commonality in the physical work capacity scores. The 
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results would indicate that there is little relationship 
retween the C.A.H.P.E.R. Fitness Performance Tests and 
physical work capacity in junior high school Gals: 


Correlation of Iwelve Minute Walk/Run with 


Physical Work Capacity 


The correlation coefficient of the 12 minute walk/run 
to phySical work capacity, expressed as kpm/min, was r=0.37. 
FACLCOLING Bout Bbody me weight, the correlationirose to c=.57. 
Both values were Significant (f<0.01). The findings of this 
investigation are consistent with the results of Burke (5) 
and Cumming (3). Reporting on male college students, Burke 
found that the correlation between the 12 minute run and PWC 
170 (kpm/kg/min) was 0.60. Cumming reported a correlation of 
0.45 between the distance run and PWC 170 (kpm/kg/min) ia 
female track and field athletes and a value of r=0.57 in 
normal junior and senior high school girls. 

Previous investigations have shown the 12 minute run to 
bemmane teliable test (7, 14,28). From the results of this and 
other studies (3,25,36) it wculd appear that the 12 minute 
walk/run is a valid measure of work capacity in adolescent 
females. Reasearch by Jackson and Coleman (25) recommended 
that a 9 minute run should be substituted for the standard 
12 minute test. The investigators showed that the 9 and 12 
minute tests had the same ccrrelaticn coefficient (0.71) 
and that the ccrrelation coefficient between the 
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two runs was 0.86. It would seem justified then, that the 12 


minute walk/run be revised to a 9 minute distance run test. 
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The findings of the present investigation, as weli as 
the results from previous studies, are presented in Table 


4,10. The Spruce Grove sample appears to have an overall 


Table 4,10 


Body Composition Estimates Obtained in 
This and Other Studies 


Study Age (years) A Fat 
Hampton (1966) 14 16.4 % 
15 164.5% 
Durnin (1967) 13-16 24.0 + 4.9 &% 
Neill (1968) 18 23.404040.58% 
Drinkwater (1975) 13 160 t8As5a% 
14 2) ates se 
Spruce Grove 13 (n=30) 2D atelier. 0a 
(1977) 14 (n=36) 24.4 4 5.9 & 
15(n= 7) 280 7RtGt./ & 


higher percentage cf body fat than the values reported in 
previous investigation. The results obtained by Neill (30) 
and Durnin (16) are comparable to those reported in the 
present study. In the present study, the Durnin (16) method 
was used to estimate body fat. It was therefore anticipated 


that the results would be similar to those of Durnin. 
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Hampton (22), however, reported substantially lower figures 
in 13 and 14 year old girls. The data was obtained 11 years 
prior to the Spruce Grove Survey and all the subjects were 
residents of California. In addition, the method Hampton 
used to estimate body fat was different than that used in 
the present Study. The three-named factors may have 
contributed to the discrepancy in values. Similarily, the 
findings reported by Drinkwater (15) are lower than those 
for the Spruce Grove sample. Again , the methods used to 
estimate body ccmposition differed and consequently may have 


resulted in the divergent scores. 


The correlations of body fat to Physical Work Capacity 
in the present study and in previous investigations are 


presented in Table 4.11. The mean value of percent body fat 


Table 4.11 


Correlation of Percent Fat to Physical 
Work Capacity in This and Other Studies 


Study Sex Age(years) Correlation 
Miller & Blyth M fone -0,23 
(1955) 
Neill (1968) F 420 -0.41 
Spruce Grove i 13-16 -0.44 


(1977) 
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for the Spruce Grove sample was 25.1 + 5.34 fe The 
correlation of body fat to physical work capacity 
(kpm/kg/min) was -0.44, This was a significant correlation 
(ps0.01) . The Spruce Grove results correspond closely to 
the correlaticn coefficient reported by Neill (30). Although 
the subjects in the Neill study were slightly older, the 
correlation of -0.41 was found to be significant at the .05 
level. The correlaticn coefficient obtained by Miller and 
Blyth (29) was substantially lower than the two previously 
mentioned investigations. From Miller's results, it would 
appear that the relationship of percent fat and physical 


work capacity may be different in a male population. 


A multiple linear regression was used to determine 
which of the independent variables would best predict the 
dependent variables. The list of the independent variables 
and the R square values for the linear regression are 
presented in Tables 4.12 and 4.13. Of the independent 
variables selected, weight, % fat, and the 12 minute run, in 
linear combination with the 300 yard run accounted for 41 4 
of the variability in the PWC 170 (kpm/min) scores. Using 
all nine variables, the total predictive power was 42 4%. 
Combining the first four variables from Table 4.10, the 
regression equation to predict PWC 170 (kpm/min) was 


determined to be: 
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Table 4,12 


R Square Values of Independent Variables 
With Physical Work Capacity (kpm/min) 


Variable R Square 
300 yard Os15 
Weight 0.31 
12 Minute Run 0.39 

& Fat 0.41 
Height 0.42 : 
50 yard 0.42 
Shuttle Run 0.42 
Long Jump 0.42 
Sitzups 0.42 

Table 4,13 


R Square Values of Independent Variables 
With Physical Work Capacity (kpm/kg/min) 


“Variable R Square 
12 Minute Run Oeai2 
& Fat 0.37 
Long Jume 0.38 
Height 0.38 
Weight 0.38 
Sit=ups OP Ssic 
300 yard 0.39 
Flexed Arm Hang Ves 
50 yard 0.39 


PWC 170 (kpm/min) =-293.3- (5.33 x 300 yard)+(7.98 x weight) 


+ (369.43 x 12 minute run) = (4.25 x % Fat} 


The independent variables used in the linear regression 
to predict PWC 170 (kpm/kg/min) are presented in Table 4.11. 
With all nine variables, only a total of 39 % of the 


variabliity of the work capacity scores could be explained, 
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Of these, percent fat in ccmbination with the 12 minute run 
accounted for 37 % of the variablity. The regression 


equation based on the two independent variables is as 


follows: 


PWC 170 (kpm/kg/min) = -0.718 + (7.73 x 12 minute run) 
~(0.055 x % Fat) 
Although the equation for PWC 170 (kpm/min) appears to 
be a better predictor by 4 %, it involves the inclusion of 
two additionai variables, the 300 yard run and body weight. 
However, as only 42 % of the variablity in physical work 
capacity can be explained, at best, the two regression 
equations would appear to be of limited use in predicting 


physical work capacity performance. 
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CHAPTER V 


SUMMARY AND CONCLUSIONS 


Summary 


It was the purpose of this study to investigate the 
relationships between three selected measures of physical 
fitness. The subjects were eéighty-seven females who 
participated in the physical education classes at Spruce 
Grove Composite High School. Participants performed two 
trials of the criterion, modified Sjostrand PWC 170 test, 
the C.A.H.P.E.R. Fitness-Perfcrmance tests and the twelve 
Minute walk/run test. In addition, estimates of percent body 
fat were obtained by four skinfold measurements. The four 
main hypotheses stated that there would not be a significant 
correlation between trial one and trial twe of the PWC 170 
festspchatia theres ,pwouldy.not j be Significant correlations 
between the six C.A.H.~P.E.R. performance items and the PWC 
170 results; that there would be no significant correlation 
between the twelve minute walkyrun and PWC 170 test and that 
there would be no significant correlation between percent 
fat and the PWC 170 test. 

Pearson Product-Moment correlation coefficients were 
calculated between each of the independent variables and PWC 
170 results and tested for significance at the .05 level. 
There were significant relationships between the two tiials 


of the criterion test, between the twelve minute run and PWC 
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170 and also between percent fat and work capacity. Five 
items of the C.A.H.P.E.R. tests showed a Significant 
relationship to PWC 17C. A multiple linear regression was 
calculated to determine the predictive power of the 
independent variables to the dependent variable. The 


regression equations were found to be of limited strength. 


Conclusions 


Within the limitations of the study, the following 


conclusions appear justified: 


1. For female subjects, there was a significant correlation 


at the .05 level cf confidence hetween: 


(a}e7eTies | first **trval*-and “the/*second’= trial ofe=the 
criterion, mcdified Sjostrand PWC 170 test. 

(b) The distance covered in the twelve minute walk/run 
and the results of the Sjostrand test. 

(c) Percent fat and work capacity, as measured by the 
Sjostrand PWC 170 test. 

(d) Five items of the C.A.H.P.E.R. Fitness-Performance 
test, namely, sit-ups, long jump, flexed arm hang, 
50 yard run and the 300 yard run and the results 


of the Sjostrand test (kpm/kg/min). 


2. According to the results of the Sjostrand PWC 170 test 


and the C.A.H.P.E.R. Fitness-Performance test, the Spruce 
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Grove Sample demonstrated above average physical fitness. 


General Conclusions 

On the basis of this study, it may be concluded that 
the PWC 170 test is a reliable measure of work capacity in 
adolescent females. In addition, it has been shown that 
either the twelve minute walk/run or the PWC 170 test may be 
used aS a measure of endurance capacity in adolescent 


females. It may also be concluded that percent body fat and 


work capacity are significantly related. 
Recommendations 
1, In situations where equipment and trained personnel are 


at a minimum, the twelve minute walkyrun test may be used to 


assess physical fitness. 


2. Further research should be conducted exatining the use 
of the 9 minute run as a substitute fcr the 12 minute 


distance test. 
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AGE 


Skinfolds 


PWC_170 


Load #1 
Revs 
Load #2 
Revs 
Load #3 


Revs 


HEIGHT mee WEIGHT 
Br Coos ssueeae = 
Triceps Bs me 
Scapula A! 
JEMGLE Ke: al = 
Total eee _ Arata see 
Tests) Date: 
pee Be Rowe eke ee eee 
her Hane oe 225t0 6 ee 
Hs Boeeo 10, 
BPNGE170. |... Kpn 


— Kpm 1 Kg. 
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PWC 170 Test #2 Date: 
Load #1 Dre sa sae 
Revs ee 
Load #2 is Ris ae 
Revs pair 
Loadee3 eb Bibel 
Revs tale 
PWC 170 Kpm 
eee Rpne! 


C.A,HLPLEWR. 


Speed Sit-ups 


Standing Long Jump 


Shuttle Run 
Flexed Arm Hang 
50-yard Run 


300-yard Run 


Test #1 


Dates 


#2 


2! 


10: 


Kg. 


Test #2 


Date: 
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<> <a ee oe oe ee ee cee Se ee ee oe 


The following is a description of the skinfold 
measurements according to the method cf Durnin and Rahaman 


GEG);: 


(1) Biceps- over the mid-point of the muscle belly with the 
arm resting supinated. 

(2) Triceps- over the midpoint of the muscle belly, mid-way 
between the olecrancn and the tip of the acromion, 
with the upfer arm hanging vertically. 

(3) Subscapular- just below the tip of the inferior angle of 
the scapula, at an angle) of "about 945° to the 
vertical. 

(yeesupraiitac= just vaboves the eliliac crests. netic iid — 
auxillary line. 

At these four sites, the skinfold was pinched up firmly 
between the thumb and forefinger and pulled away slightly 
from the underlying tissues before applying the calipers for 
the measurement. All measurements were taken, with the 


subject standing upright, on the right side cf the body. 


gag! Aree elses siveas ed? 2p 2ateq~hke sie Ree 
pany nag Hd 

ca-bdn wxbddd oupeie off der Fstighin vi aepe | 
eoinerzh stb git dik Sie na saTaNde aa Weert 6 
We lashe dev, padeard ane sagge ote OR 8 

to ofcus zoey ie to uae 8s woah suet ~s asugueniee: (6): 
edb ot OCY Hrsdé,. to, ey peb tao tee. ya egGae ede - — 
; 7 pieosr ee | 

-hie gas Hi doeto. e405. af2 rons aie aeRO! 
piwrhd 40 etvaig- ens \bieyrsks ets: vaste ane mate ee 
iisioade yewaibeided ‘bes wweRtieme tgs aseds eis 
seh eingites: sitf paitlage 
edt  drtv Tee Saas 


a seb ome: 
- 


. 


aS 


APPENDIX C 


Descripticn of 


C.A~H~P.E.~R. Performance Items 


63 


vo fey 7 
rn 


» 


. ee 

Ao oe Ce, '¢- we yi 7 
7" lg aD A! 
i 
SRTaRIEe 


7 
i. . —— - 
bo! unkoy nag: ; 
‘rnd YR Madey aA 
, 
Rees TMORMNTONIeS oaiyH AE eeaeN  w 
| ’ ; : Ter 
> & 
, > dé 5 
i 
, 
, 
> 
= 7+ 


64 


C-A.H»P.E.R. Performance T 
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In 1966, the Canadian Association for Health, Physical 
Education and Recreation published the C.A.H.P.E.R. Fitness- 
Performance Test Manual (23). A Sample cf 1,000 young 
Canadians had been tested and national norms, in the form of 
percentiles, from their results were tabulated. The 
following is a description of the test items as outlined in 


the C.A.H.P.E.R. Fitness-Performance Test Manual (23). 


(1) Speed Sit-Ups- The subject assumes a back lying 
position on a gym mat, hands interlaced behind the 
head. The knees are bent and the feet are held 
flatirson™ the flooriby aipartner. »TheVsubject@sits 
up and touches both elbows to both knees and then 
returns to the starting position. The movement of 
sit-up and return is counted as one execution. The 
total score is the number of complete executions 


performed in 60 seconds. One trial is allowed. 


(2) The Standing Broad Jump- The subject assumes a 
position with the feet slightly apart and the toes 
behind the jumping line. Flexing at the hips, 


knees and ankles, and using the arms as an aid, 
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the subject jumps as far forward as possible. The 
measurement is in terms of inches to the nearest 
inch from the take-off line to the heel of the 
foot nearest to the take-off line. Suggested take- 
off angles should ke between 30 and 459, Two valid 
trials are allowed, the better trial being 
recorded. If any part of the body touches behind 
the heels, the jump is considered invalid anda 


repeat trial allowed. 


(3) The Shuttle Run- Lying face down, hands at the sides 
of the chest, and forehead on a starting line, 
wearing gym shoes, the subject, cn signal, jumps 
to his feet and runs 30 feet to a second line. Two 
blocks of wood are placed on this line and the 
Subject is required to pick up one block of wood, 
return to the starting line, and place this block 
behind the starting line. He must then return to 
the second line, pick up the second block of wood, 
and run back to the finish line. The measurement 
is in terms of seconds to the nearest tenth of a 
second from the starting signal until the subject 
crosses the finish line. A warning signal is given 
before the starting signal, and two trials with a 
rest in between are allowed, the better trial 


being recorded. 
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(4) Flexed Arm Hang- The subject grasps a horizontal bar 
Six feet from the flcor with his palms towards the 
face and is assisted to pull himself to the bar so 
that his eyes are level with the bar. The arms are 
fully flexed. The subject is reguired to hold 
himself in the hanging posteten for gacee ONgeas 
possible. The total period of time that the 
Sugject can maintain this exact position is 
determined to the nearest second. The subject must 
keep the bridge of his nose at the bar. One trial 
is allowed. The tester counts the seconds out 
loud. When the subject's head drops belcw the 


level of the bar, the test is terminated. 


(5) The 50-Yard Run- The subject assumes a starting 
crouch, On the starting signal, which is the drop 
Of fa) flag, the Srunnereesprcincs the 50-yard 
distance. The elapsed time from the staring signal 
to the passage of the runner's chest across the 
finish line is-scored to the nearest tenth of a 
second. One tester may time two runners on 


adjacent courses with a split timer. 


(6) The 300-Yard Run- Starting from a Lacing crouch 
start or a standing position, the subject runs 
straight up and around a stake marker 50 yards 


distance, and returns to the starting area, and 
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completes this circuit three times Total lan es00 
yards. The elapsed time, from the Starting signal 
to the passage of the runner's chest across the 


finish line, is scored to the nearest second, 
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Physical Characteristics 


ey AGE 
(mos) 


Subjects 


HEIGHT 
(cm) 


LD SS TE ES SS SS ES A ee aS 


2 feb s ee) 
154.4 
155.0 
148.6 
156.7 
167, 6 
148.6 
165.8 
165.1 
153.7 
161.9 
141.0 
168.9 
Sa .5 
163.9 
156.8 
160.0 
163.9 
156.0 
158.7 
156.1 
166.2 
ipetiey'e) 
TES 
165.1 
150.0 
156.1 
165.1 
103.9 
167.6 
156.1 
147.2 
170.1 
th fs) 
160.0 
166.2 
160.0 
i pos Ae 
166.2 
Nps) 
162.5 
162.5 


WEIGHT 
(kg) 


54.5 
48.6 
45.4 
35.9 
55.0 
2, 
8519 
46.8 
45.9 
D723 
50.2 
38.6 
Shey 2) 
43.6 
45.7 
56.11 
45.0 
54.8 
Deas 
55.9 
501.6 
60.0 
ial 
56.4 
58.3 
41.8 
60.5 
48.6 
56.4 
65.4 


45.4 


34.5 
68.6 
Salis Ss 
56.4 
58.6 
47.7 
44,3 
Dis 
DOn 
48.2 
53.6 


eorar 


a0 
29 «i> 
21.9 
20.5 
28.6 
29.1 
22e0 
21.0 
15.8 
22 
26.0 
28.5 
27.3 
22001 
31.4 
25.8 
15.3 
23.6 
2240 
“SePAS) 
Zoe 0 
ae, S| 
30.4 
Zeieal 
Zilioed 
18. 1 
28.3 
16.9 
22a 
Bidet 
en 
16.6 
23.8 
30.8 
Eile 
25.0 
20.0 
ray Sap] 
26.2 
28.5 
25.8 
22.1 
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SUBJECT AGE HEIGHT WEIGHT ” FAT 


(mos) (cm) (kg) 
43 168 176.5 53.6 a7ee 
44 168 160.0 55.4 AV) 
45 168 T4860 55.9 2373 
46 168 146.8 57.7 D7, 
47 168 135.2 42.9 19.5 
4g 168 155.0 74.5 37.0 
49 168 158.0 56.8 30.0 
50 1380 146.8 47.9 25.4 
51 180 160.7 54.1 28.5 
52 168 158.7 44.4 22.3 
53 180 163.9 62.3 27.9 
54 180 160.0 55.9 2907 
55 168 165.1 56.4 24.6 
56 168 156.1 64,1 32.4 
57 180 165.1 61.4 2969 
58 168 166.2 59.5 29.3 
59 168 158.7 B72 26.6 
60 168 157.5 54.1 rc PeE:) 
Ge 168 171.3 54.5 23.5 
62 168 165.8 55.0 16.0 
63 168 163.9 45.9 17.5 
64 168 167.6 52.3 25001 
65 168 157.5 Gor] 20.8 
66 180 160.0 63.2 29.5 
67 168 167.6 50.9 16.9 
68 168 166.8 85.4 39.0 
69 168 153.0 65.9 35.0 
70 168 165.8 G7e3 15.9 
7a 168 156.1 54.1 26.8 
He 168 17029 68.2 26.0 
73 156 163.2 75.9 38.0 
74 156 175.2 39.8 208) 
75 156 166.2 S 2a 17.2 
76 168 167.6 7208 30.0 
Ta 156 163.2 61.8 S554 
78 156 158.7 49.5 Dog 
79 156 160.0 49.5 24.6 
80 156 161.3 50.9 24.3 
81 168 174.0 55.0 pe 
82 168 158.7 52.7 2786 
83 168 157.5 44.5 20.7 
84 180 151.1 43.6 25541 
85 168 165.1 59.1 31.1 
86 180 152.2 59.1 26.8 
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SUBJECT BICYCLE TEST#1 BICYCLE TEST#2 


H.R. WL. H.R. WL. 

(kg) (kg) 

16 129 25 137 25 
159 1.0 159 1.0 

175 1.5 145 1.5 

17 106 5 132 5 
117 1.0 149 1.0 

71 2.0 175 2.0 

18 125 25 134 25 
150 1.0 143 1.0 

167 1.5 168 1.5 

19 129 25 103 25 
137 1.5 133 1.5 

150 1.45 Anz 135 

20 146 25 110 5 
151 1.0 129 1.0 

171 1.5 159 1.5 

21 124 «S 106 5 
138 1.0 Teg 1.0 

| 157 Vad 149 1.5 

22 104 25 99 5 
111 1.0 ies 1.0 

144 2.0 158 2.0 

23 113 1.0 113 1.0 
129 1.5 130 1.5 

195 2.0 158 2.0 

24 98 1.0 117 1.0 
107 1.5 134 1.5 

161 2a 171 2er0 

Zs 127 +5 WAS 5 
145 1.0 155 1.0 

173 1.5 Us 1.5 

26 113 25 129 5 
125 1.0 154 1.0 

153 te5 173 1.5 

27 111 5 115 = 
$25 1.0 134 1.0 

155 145 154 1.5 

28 118 25 124 25 
121 150 it 1.0 

141 1.5 135 1.5 

29 107 25 129 “9 
144 160 153 1.0 

Ep 125 180 145 

30 106 25 129 29 
116 1.0 138 1.0 

170 2.0 176 2.0 


SUBJECT BICYCLE LEST#HI BICYCLE TEST#2 


Hens Wels Heike Role 
(Kg) (kg) 
31 122 Oo 132 0 
144 1.0 157 120 
168 i8 175 1.5 
B2 ten 5 121 3 
142 a0 144 1.0 
178 1.5 75 1,5 
33 110 3 110 ne 
138 130 138 750 
182 ESD 182 ae 
34 113 a) 125 Ae 
137 to 150 hat: 
170 138 1973 15 
35 115 oo 132 a5 
129 130 142 1,0 
153 1,5 JEiS 125 
36 118 <3 141 5 
142 1.0 154 1.0 
176 aes 180 125 
Se 134 25 119 ya 
153 120 144 120 
173 ES) 171 15 
38 132 A) 
154 10 
168 Ges 
39 127 Ais) 149 ale 
145 1.0 163 120 
164 1.5 180 135 
40 122 Pe 
132 1.0 
162 1.8 
4 4 122 Als 105 25 
137 1.0 120 1.0 
161 Nae 150 1.5 
42 133 Ae 136 DD 
151 1.0 159 1.0 
170 Ted 176 1.5 
43 133 ey 124 as 
149 130 145 1.0 
180 1.5 176 Ure 
175 Pa? 144 1.0 
180 1.0 175 1.0 
45 140 Ee) 131 5 
154 140 157 150 
176 dss 173 135 


SUBJECT BICYCLE TEST#1 BICYCLE TEST#2 


H.R. Wed. Hains Wee 
(kg) (kg) 
46 102 25 105 As 
125 10 105 150 
157 250 165 250 
47 132 > 114 DD 
158 1.0 130 170 
175 5 164 15:5 
48 119 Ae 123 25 
131 1.0 141 120 
149 php 154 i125 
49 131 5 116 25 
143 1:20 138 120 
165 1-5 165 1.5 
50 108 a 107 AS 
127 es) 122 1.0 
158 135 143 1.5 
51 120 5) 
153 10 
168 WS) 
520: 138 a8 128 =5 
159 1.0 128 1.0 
180 125 167 1.5 
53 133 ANS 146 Aas) 
148 PALE 146 120 
164 as 165 13> 
54 103. 25 120 aga) 
121 eae 120 eo 
168 2.0 157 20 
55 103 33 119 25 
144 1.5 135 1.5 
164 oa0 170 2.0 
56 132 45) 129 <8) 
157 T0 144 170 
180 1s 184 io 
57 122 5 122 25 
129 1.0 140 ae 
151 shue 161 Ta0 
58 129, pe: 100 mo 
143 1c 115 120 
164 Lae 137 1.5 
59 125 3 99 oo 
133 1.0 109 1.0 
165 es 129 eS 
60 125 o 133 Oe 
141 1.0 151 1.0 
155 tee 172 fe 
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61 


62 


63 


64 


65 


66 


67 - 


68 


69 


70 


71 


72 
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74 
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BICYCLE TEST#2 
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eer Orr 
<P A 40 
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SUBJECT BICYCLE TEST#1 BICYCLE TEST#2 


H.R. WoL. H.R. WoL. 
(kg) (kg) 

76 141 i 115 4 
159 1.0 129 1.0 

171 lee 158 1.5 

77 106 25 102 5 
118 1.0 120 1.0 

171 2.0 162 2.0 

78 148 “is 149 25 
176 1.0 173 1.0 

178 Ae 189 135 

us 112 25 127 5 
134 1.0 140 1.0 

158 5 168 1.5 

80 107 2 126 58 
121 10 145 1.0 

149 Lae 158 ile 

81 145 55 115 4g 
158 1.0 142 1.0 

176 ae 165 1.5 

20 134 oO 131 45 
149 1.0 see | 1.0 

171 tise les ToS 

83 141 25 132 5 
159 au 146 1.0 

171 lage 164 1.5 

84 127 2 122 5 
145 1.0 140 1.0 

168 yo 165 iS 

85 122 25 117 _ 
134 Ae 135 1.0 

159 lee 167 ato 

86 115 os 108 415 
129 1.0 113 1.0 

149 ae 146 1.5 

87 Vz 25 118 a 
132 1.0 133 vee 

157 1.5 158 1.5 
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SUBJECT 


DISTANCE SUBJECT 
(miles) 
1.06 45 
1,07 46 
1.24 47 
Ta20 48 
Teron 49 
1.16 50 
Ue! 51 
1.30 52 
1.26 53 
1.24 54 
V.30 ah) 
1.10 56 
1.18 i) 
1,18 58 
bee Loe. 59 
- 84 60 
ite 61 
1302 62 
ered 63 
1.19 64 
1.24 65 
1.41 66 
Ves 67 
1.23 68 
t.0G 69 
1.16 70 
Veal 71 
50 72 
aie 73 
Ve.03 74 
1.18 75 
eee 76 
aie ch) 
ney: 78 
abeya ge 79 
aon 80 
1.30 81 
15:13 82 
eh) 83 
1.03 84 
Vaed 85 
1.19 86 
Veld 87 
1.24 


RAW DATA 12 MINUTE RUN 


DISTANCE 
(miles) 
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3=DOO000 240 - = 
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RAW DATA-CAHPER FITNESS PERFORMANCE TEST 


SUBJECT SIT- LONG SHUTTLE FLEXED 50 yd. 300 yd. 
UPS JUMP RUN ARM RUN RUN 
HANG 
(ins.) (secs) (secs) (secs) (secs) 


LLP LL EP ES SS ES ED ED Sr eee ee —=, 
eens ee es 


> ee oe ep oe oe es eo eee ee 


01 30 2.0 12.6 .2 - “BE18 73.4 
02 a2 61.0 12.8 14.0 8.90 76.5 
03 30 71.0 1h.3 46.0 7.95 71.0 
04 4Q 57.0 12.4 2308 8.85 “1.2 
05 34 68.0 Pine 15.0 7.90 64,3 
06 33 59.0 13.5 10.5 8.55 75.6 
07 42 60.0 12,3 26.0 8.55 69.4 
08 36 70.0 17.4 47.0 7.02 62.8 
09 32 72.0 xB | 26.3 7.90 67.4 
10 45 71.0 10.8 59.0 7.203 69.0 
11 uy 72.0 10.7 22.0 7035 64.5 
he 38 62.0 12.4 8.5 9399 83.3 
13 BS. 63.0 12,5 10.6 Se95 73.4 
14 ei 55.0 Ut Pe 16.0 8.90 blog 
15 et 66.0 12.5 8.0 Leh he 69.5 
16 37 54.0 11.9 15.0 8.65 71.6 
17 se 67.0 1352 6.5 8.05 68.9 
18 40 71.0 Tt. 21.0 TCS 68.0 
19 46 66.0 12.4 25.0 7245 60,9 
20 47 69.0 11,4 21.0 1915 63.4 
21 51 54.0 11.0 54.5 ae 68.1 
22 a2 75.0 10.9 31.0 ded 62.5 
23 33 65.0 11.9 4.5 ih oe 69.7 
24 41 63.0 12e2 32.0 SaZo 71.5 
25 sb 70.0 11.7 19.1 S535 79.0 
26 52 75.0 1152 18.4 7.40 63.7 
ZF 30 67.0 11.7 10.0 SF200 10.2 
28 61 77.0 11.8 60.0 6.70 58.7 
29 42 64.0 V2 17.5 Sa34 69.2 
30 34 63.0 ties 18.0 8725 aT. 5 
31 43 74.0 1) 66.0 7275 66.2 
SZ 42 57.0 12.3 45.0 8.60 67.9 
33 42 59.0 11.8 7.0 8.85 69.0 
34 a3 60.0 Tio 19,1 8.45 67.9 
Sis 36 75.0 Ate 13s Pees) 65.5 
36 46 74.0 11.8 Pn hee 8. 20 68.9 
So oo 80.0 10.3 70.1 7.00 69.0 
38 62 75eU ab hes) 36.0 8.50 Otc 


ake 34 45,0 1240 a0 8.50 7200 
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SUBJECT 


31 e= 
UPS 


LONG 
JUMP 


(ins.) 


SHUTTLE FLEXED 50 yd. 


RUN 


(secs) 


ARM 
HANG 
(secs 


RUN 


) (secs) 


300 yd. 
RON 


(secs) 


69.0 
62.0 
73.0 
L/S © 
65.6 
Ton6 
13s 
68.1 
74.7 
69.0 
65.6 
69.4 
80.0 
69.6 
OWE M4 
61.5 
63.4 
653.9 
T2650 
63.4 
aig 
69.5 
61.8 
63.0 
69.0 
Dilises 
72.4 
62.5 
74.0 
71.3 
63.4 
65.1 
63.4 
74,4 
63.0 
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- PWC 170 and PWC 170/kg Scores 


83 


SUBJECT 


TEST # 1 


531.86 
365.60 
529.47 
487.98 
539.70 
540.45 
464.40 
478.73 
586.90 
462.60 
803475 
330320 
516.42 
325524 
533.20 
470.10 
5974.00 
56327.3 
783.20 
290407 
652.46 
987.58 
727483 
868.69 
489.59 
D194 lA 
687.14 
906.73 
565.86 
707.85 
SS tat4 
436.01 
630.78 
D62s39 
670.68 
482.71 
477.62 
517.71 
579.81 
579276 
601.06 
559427 


PWC 170 PWC 17C/kg 


—_——— ee ae a a ee ee ee es ee ce ae ce os eee ee ce ee ee 


9.76 

7.50 
11.66 
13.59 

9.81 

9.174 
11.94 
10.23 
12:98 

8.07 
10.03 

8.55 

&.77 
12.05 
11.70 

8.40 
123576 
10.29 
14.98 

9.99 
12.64 
16.46 
13.81 
15240 

8.40 
13.80 
11.36 
18.6€ 
10.03 
10.82 
14270 
12.64 

9.19 
10.6€ 
11.89 

8.24 
10.01 
1Ay-70 
10.37 
10.30 
12049 
10943 


PWC 170 and PWC 170/KG Scores 


TEST # 2 
PWC 170 PWC 170/kg 
612.08 11223 
459.20 9.40 
508.60 11. 20 
447.70 12.47 
482.70 8.78 
525.C8 8.88 
480.40 12.35 
528.47 114.29 
639.50 13.90 
641.70 11.20 
653.71 13.02 
374. 10 9,69 
610.74 109.37 
159.02 10.50 
590.40 12.90 
467.00 8. 32 
614.70 13.66 
587.72 10.72 
713222 13.80 
594.66 10.60 
713.33 13.80 
743.55 12.39 
721.20 13.68 
826.97 14.66 
503.48 8. 64 
474.59 11.35 
672.59 14312 
694.62 14.29 
463.69 ey 
637.59 6.75 
487.37 10.74 
487.55 14.13 
630.78 9,19 
502. 66 9.70 
825.34 14.63 
455.65 7.78 
548.65 11.50 
0.0 0.0 
433.64 17.76 
0.0 0.0 
617205 12.84 
468.45 8.74 
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SUBJECT RES teat 1 TEST # 2 


PROP iy OPE NC ml 7 O/ kG PWC 170 PWC 170/kg 

3 489.37 9.73 #98.71 9.30 
4 4 298.66 cores fe 336, 37 6.07 
45 444,15 7.94 448,15 8.02 
46 ficta\ Ais)? 13.61 689.99 Itoo 
47 483.77 11.28 5255.56 as Poe 
48 771.18 10. 43 0.0 0.0 

49 587.56 10.34 SIEM Aras) 10.50 
50 661.61 13.81 704.66 14.771 
a 508.50 9.89 0.0 0.0 

52 429.28 St se 485.04 10.80 
2S) 3975.99 dated 604, 88 Jaci 
54 686.56 VZe29 884.94 15.83 
oho) 790.65 14.02 Tae UE Ip ee 
56 463.64 7.08 470. 48 7.34 
57 459539 M27 582.52 9.49 
58 592,82 9299 805.91 13.54 
ao) 546.85 9.56 0.0 0.0 

60 711.56 1anch5 514.70 eer 
61 725.40 Tags 1 774, 30 14,21 
62 akereteys 12.95 0.0 0.0 

63 557.47 12.14 586.62 12. 78 
64 666.93 A2e95 599.44 11.46 
65 405.88 94:90 a Rie Re 13.48 
66 561.75 8.89 506.70 8.02 
67 899.78 17.68 718.98 14.12 
68 606.09 7.10 570.76 6.68 
69 561.39 8.52 0.0 0.0 

70 669.13 14.15 634.10 13.41 
aN 658.42 12,17 784.04 14,49 
1h 707.78 10.38 594.19 8.71 
73 TeM lg, Shy eh 838.47 10.05 
74 498.54 Zara 637.20 16.00 
Us) Ue 14.60 695.30 13. 20 
76 490,23 6.78 6238.33 8.69 
TH 696.62 11.27 139301 Aieae 
78 397,58 i203 346, 18 oer) 
79 598,91 12.10 566.39 11.44 
80 130.62 14.98 655.61 12.88 
81 465.96 8.47 547.91 S30 
82 506.87 9.62 489.22 a eo 
83 477,60 10.73 apshewy 4 13. 20 
84 a PThrs We 10.63 586.92 129 
85 G1 soo 10.35 576. 46 Shey T= 
86 637.05 TOs 7c 710.60 12.02 


87 679.26 11.81 644,65 Ailes 2iA 
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Analysis of Variance 
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Subjects 
Within 
Total 


Age by Time 


Time by 
Subjects 
Within 
Total 


Analysis of Variance 


— ee ee ere ee ees ae Gr ee aos aoe ae 


S252 D.F. 4S £ 

95055 2, H,o208) U.429 
8.12965 77 10.558 
822.021 43 

325s DoF. HS F 

0.543 1 O.043 920.338 

22 IGS 1 1,482°5 0,921 


127.4174 79 


Ato 


0.653 


Tae) 


0.563 


0.402 
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